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PURPOSE: To manufecture acrylnitrile or 
methacrylonitrile at high yield by using a catalyst 
which is modified by adding specific metal to a 
conventional catalyst containing Mo, Bl and iron. 

CONSTITUTION: Acrylonitrile or methacrylonitrile is 
manufactured by bringing propyrene or isobutylene into 

contact with ammonia and oxygen in a gas phase at high Mo. Bib Fef Nin Aa Ee Ox 

temperature in the presence of a catalyst In this case, 

the catalyst used consists of 40 to 60wt.% silica that 

cam'es the composition shown by the formula (Q is at 

least one kind of element selected from Cr and In; A is 

at least one kind of element selected from Rb and Cs; 

E is at least one kind of element selected from Mn, Mg, 

2n, Ce. Na .And P; (m), (b). (f). (n), (q). (a). (I) and 

(x) indicate atomic ratios; m=10 to 14, b=0.1 to 3, 

f=0.1 to 3, n=4 to 10, q=0.1 to 2. a=0.01 to 0.5, 1=0 to 

3; and (x) is the atomic ratio oxygen corresponding to 

the oxide of a metal component in the composition). 
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(54) [Title of the Invention] 

METHOD FOR THE PRODUCTION OF UNSATURATED NITRILES 
(57) [Abstract] 

[Object] To provide a method for the production of acrylonitrile or 
methacrylonitrile in high yield using an improved conventional catalyst. 

[Constitution] The invention method uses a catalyst as represented by 
the following general formula, which is composed of molybdenum, bismuth, iron, 
and specific metals, in the ammoxidation of propylene or isobutylene. 

[Formula 1] 

(in which Q is chromium or indium; A is potassium, rubidium, or ce/ium; and E 
is manganese, magnesium, zinc, cerium, sodiiim, or phosphorus). 
[Scope of the Patent Clalm(s)] 

[Claim 1] Method for the production of acrylonitrile or methacryloni- 
trile, characterized in that in the preparation of acrylonitrile or methacry- 
lonitrile by the vapor-phase contact of propylene or isobutylene with ammonia 
and oxygen at a high temperature in the presence of a catalyst, a catalyst is 
used which is prepared by deposition on 40—60 wt.% of silica of a composition 
which can be represented by the following general formula: 

[Formula 1] 

Mo^i^FefNi^Q^^^O^ 

(in which Mo is molybdenum, Bi is bismuth, Fe is iron, Ni is nickel; Q is at 
least one element selected from chromium and indium; A is at least one element 
selected from potassium, rubidium, and cesium; E is at least one element 
selected from manganese,, magnesium, zinc, cerium, sodium, and phosphorus; 0 is 
oxygen; m, b, jf, n, q, a, .e, and x are atomic ratios; where m - 10—14, b « 



0.1-3, f " 0.1-3, n - 4-10, q - 0.1-2, a - 0.01-0.5, e - 0-3, and x is the 
atomic ratio of oxygen corresponding to the oxides of the metal constituents 
in the general formula) . 

[Claim 2] Method according to Claim 1, characterized in that E is at 
least one element selected from zinc and cerium. 

[Claim 3] Method according to Claim 2, characterized in that Q is a mix- 
ture of chromium and indium. 

[Detailed Description of the Invention] 

[0001] 

[Field of Industrial Application] The present invention pertains to a 
method for the preparation of acrylonitrile or methacrylonitrile by the vapor- 
phase contact of propylene or isobutylene with ammonia and os^gen in the pres- 
ence of a multifunctional oxide catalyst that contains molybdenum, bismuth, 
and iron. 

[0002] 

[Prior Art Technology] Method for the production of acrylonitrile or 
methacrylonitrile by the vapor -phase oxidation of propylene or isobutylene by 
molecular o:xygen in the presence of ammonia is widely Icnown as the "ammoxida- 
tion process** and it is presently being \ised on an industrial scale. Many 
catalysts that contain molybdenum, bismuth, and iron and that are used in this 
reaction appear in the literature. For example, multicomponent oxide cata- 
lysts that contain molybdenxim, bismuth, and iron are disclosed in Japanese 
Kokai Nos. 2 [1990] -59.046 and 2 [19 90] -251,250, Japanese Kokoku Nos. 40[1965]- 
2,532. 50[1975]-15.773. 51[1976)-6,649. 52[1977]-45.692, 59[1984] -50,667. 
60[19851.36,812, and 62[1987] -42,654, and U^^KaSSnSSf SpS:^^^ 
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[0003] These are excellent catalysts that of£er various advantages, 
however . there is a lack of control over the anunoxldation side reactions and 
the yield of desired product is unsatisfactory. 

[0004] 

[Problems to be Solved by the Invention] The object of the present 
invention is to provide a method for the preparation of acrylonitrile or meth- 
acrylonitrile in higher yields by the use of an improved conventional cata- 
lyst. 

[0005] 

[Means for Solving the Problems] The essential feature of the method 
according to the invention is to catalyst itself. As a result of various 
studies carried out by the present inventors on catalysts that contain 
molybdenum, bismuth, and iron for the ammoxidation of propylene or isobuty- 
lene, it was fo\md that an oxide which is a composite of these components plus 
specific metal component (s) could further increase the yield of acrylonitrile 
or methacrylonltrile, and this discovery led to the development of the present 
Invention, 

[0006] The invention catalysts are prepared by deposition on 40-*60 wt.% 
of silica of a composition which can be represented by the following general 
formula: 

[0007] 

[Formula 2] 

MoJBi^FefNi^Q^^E^O^ 
(in which Q is at least one element selected from chromium and indium; A is at 
. least one element selected from potassixun, rubidium, and cesium; E is at least 
one element selected from manganese, magnesium, zinc, cerium, sodium, and 
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phosphorus; 5, n, q, a, and x are atomic ratios of molybdenum, bis- 
muth. Iron, nickel, component Q, component A, component £, and oxygen, respec- 
tively; where m - 10—14, and preferably 11—13; 5 - 0.1—3, and preferably 
0.3—2; f - 0.1-3, and preferably 0.5-2.5; n - 4-10, and preferably 5-9; q - 

0. 1—2, and preferably 0.2—1.5; a - 0.01—0.5, and preferably 0.1—0.4; e « 0—3; 
and X is the atomic ratio of oxygen that satisfies the valences of the metal 
components in the general formula) , 

[0008] The catalyst of the present invention is characterized in that it 
contains the essential component Q which enhances the effective action and 
characteristics of the catalyst. For example, when a mixture of chromixim and 
indium (component Q) is used, a better yield of acrylonitrile or methacryloni- 
trile can be obtained than when only chromium or only indium is used. When 
chromium alone is used, it is advisable for q to be less than one. The pre- 
ferred amount of Q is such that the relative amount of Q with respect to iron, 

1. e., q/iq + f) is 0.7 or less. 

[0009] In the catalyst of the present invention, the essential component 
A, of which a very small amount is \ised, improves the selectivity for acrylo- 
nitrile or methacrylonitrile . With regard to component A, in case rubidium or 
cesium is used alone in a smaller amount than that of potassium, the selecti- 
vity for acrylonitrile or methacrylonitrile will be improved. If the amount 
of component A used is outside the range specified in the present invention, 
propylene or isobutylene reactivity will be decreased. 

[0010] An arbitrary component C can be suitably selected and used to 
adjust the reactivity and physical properties of the catalyst. For example, 
phosphorus can be used as component C to improve the wear resistance of the 
catalyst. 
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[0011] Silica serves as the catalyst support. The silica-supported 
catalyst of the present invention shows excellent fluidity when used in a 
fluidized-bed anunoxidation process. Excellent wear resistance can be obtained 
when the amount of silica used is 40 wt.% or more. However, when more than 60 
wt.% silica is used, the effectiveness of the catalyst components is diluted 
by the excess silica, which can also greatly reduce the selectivity of the 
catalyst. The invention catalyst can be prepared by three successive steps, 
namely, (1) by preparing a slurry of the starting materials, (2) spray drying 
the slurry, then (3) firing the dried slurry so obtained. 

[0012] It is advisable to use all the components of the catalyst accord- 
ing to the present invention in the form of water-soluble or nitric acid- 
soluble salts. Ammonium hep tamo lybdate can be used as the source of molybde- 
num. The bismuth, iron, nickel, chromium, indium, manganese, zinc, cerium, 
and sodium can be obtained from the respective nitrates. Phosphoric acid can 
be used as the source of phosphorus. A silica sol can be used as the source 
of silica, however it is advisable to prepare this sol with high-purity silica 
that contains as little aluminum as possible. 

[0013] The slurry of starting materials can be prepared successively by 
adding phosphoric acid, followed by the addition of an aqueous solution of 
ammonitim heptamolybdate to a silica sol with stirring, then a mixed solution 
of the nitrates of the other components can be added. The pH of the slurry of 
starting materials is typically less than 2. Under these conditions, a cata- 
lyst with excellent physical properties can be obtained. Next, the slurry of 
the starting materials can be spray-dried to obtain spherical fine particles 
that are suitable for use in a fluidized bed reactor. 

[0014] Before firing the spray-dried particles. It is advisable to carry 
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out a denitratlon process. For example, this denitration can be carried out 
at 350— 450* C for 0.5—2.0 hours, then the denltrated material Is fired at 
500— 650*C. and preferably at 550— 630*C, to obtain the catalyst. If the cata- 
lyst firing temperature is too low, even though the propylene or isobutylene 
reactivity may be high, the selectivity for acrylonitrile or methacrylonitrile 
will be decreased and the wear resistance of the catalyst itself will be low- 
ered. Conversely, if the catalyst firing temperature is too high, the propy- 
lene or isobutylene reactivity will be decreased and the combustion of ammonia 
according to the following equation will be increased: 
[0015] 

[Equation 1] 

NH3 + 3/4 O2 1/2 + 3/2 H^O 

The suitable firing temperature for the catalyst of the present invention 
can be determined from the results of ammoxldatlon tests at the above- 
mentioned 500— 650*C. A typical firing time is 1-5 hours. 

[0016] It is not necessary to use high-purity propylene, isobutylene, 
and ammonia as the starting materials. For example, industrial-grade starting 
materials can be used. What is more, tertiary butanol may be used in place of 
Isobutylene, and air is generally tised as the source of oxygen. The volume 
ratio of ammonia and air to propylene or isobutylene is 1:0.9—1.3:7—11, and 
preferably 1:1.0-1.2:8-10. 

[0017] A suitable reaction temperature is 400-460* C, and preferably 
410-440*C. A suitable reaction pressure is 1-3 atmospheres. And a suitable 
contact time between the catalyst and the starting gas mixture is 1—8 sec- 
onds, and preferably 2^6 seconds. 

[OOlS] 
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[Actual Examples] Actual examples will now be used to better explain the 
present invention. 

[0019] ( Example of Catalyst Preparation ) Catalyst 1 with a composition 
as indicated by the formula below was deposited on 50 wt.% of silica according 
to the following procedure: 

[0020] 

[Formula 3] 

MOi2.ofiio.6Fei,3Ni^ gCr^^^Ko.a 
A solution prepared by dissolving 406.1 g of ammonium heptamolybdate 
[(NH^)^Mo^02^ •AHjO] in 1,200 g of water was added to 1.667 g of a 30% silica 
sol with stirring, then a mixture prepared by dissolving 55.7 g of bismuth 
nitrate [Bi(N03 )3 • SHjO] , 139.8 g of ferric nitrate [FeCNOg )3 • 9H2O] . 419.3 g 
of nickel nitrate (Ni(N03 )2 • eHjO] , 46.2 g of chromium nitrate 
[Cr(N03 )3 • 9H2O] , and 3.87 g of potassium nitrate [KNO3 ] in 600 g of 13% nit- 
ric acid was added. The resulting mixture of starting materials was a slurry 
with a.pH of 0.3. This slurry was then sprayed in a centrifugal spraying 
apparatus equipped with a dish* type rotor arranged at the center of the upper 
part of the dryer. The air temperature at the inlet of the dryer was 250* C 
and the temperature at the outlet was maintained at 130* C to carry out the 
spray-drying of the slurry. The dry powder thus obtained was transferred to a 
kiln, denitrated at 400*C for 1 hour, then fired at 560^C for 2 hours to 
obtain a catalyst. 

[0021] The same method as that used above was used to prepare Invention 
Catalysts 2-11 and Comparison Catalysts 1 and 2 with the compositions indi- 
cated in Table 1. In the preparation of the catalysts, for the sources of Mo, 
Bi. Fe. Ni, Cr, K, and SiO^ , the. same starting materials as those used in 
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Invention Catalyst 1 were used. When the catalyst constituents Included 
indium, rubidium, cesium, manganese, magnesiiun, zinc, cerium, sodium, and/or 
phosphorus, indium nitrate [InCNOg )3 • SH^O] , rubidium nitrate [RbN03 J , cesium 
nitrate (CsNOj], manganese nitrate [MnCNOj )2 • eHjOJ , magnesium nitrate 
[Mn(N03)2-6H2 0], zinc nitrate [ZnCNOg ) ^ • eHjO] . cerium nitrate 
[Ce(N03)3 •6H2OI, sodium nitrate [NaNOg ] , and phosphoric acid [HgPO^] were 
used. These catalysts were fired at the temperatures shown in Table 1. 

[0022] 

[Table 1] 

TABLE 1. CATALYST COMPOSITIONS. KEY: (a) catalyst number; (b) atomic ratio 
of the constituents; (c) SiO^ , weight%; (d) firing temperature, 'C; (e) 
Actual Example ; and (f) Comparison Example 





mm 




Cb) 




it 


m 






(c) " 


(d) 






Mo 


B i 


F e 


N i 


C r 


I n 


A 


E 


SI 02 




1 


12.0 


0.6 


1.8 


7.5 


0,6 




K0.2 




50.0 


560 




2 


12-0 


0.6 


1-8 


7.5 




0.6 


KO.2 




50.0 


570 




3 


12.0 


0.6 


2.0 


7-5 


0.2 


0.2 


KO.2 




50.0 


S80 




4 


12.0 


0.6 


1.8 


7-5 


0.2 


0.4 


KO.2 




50.0 


570 




CD 


13.0 


0.6 


1.8 


5.5 


0.2 


0.4 


KO-lCsO,2 


Mn2.0 


50-0 


600 


(e) 


6 


12.0 


0-6 


1-4 


7.5 


0.5 


0.5 


KO-2 




50.0 


560 


mm 


7 


12.0 


0.6 


0.8 


7.5 


0.6 


0.8 


KO-2 




SO.O 


560 




8 


12.0 


0.6 


1.8 


S.5 


0.2 


0.4 


KO.2 


Mg2.0 


50.0 


570 




9 


12.5 


0.6 


1.8 


6.5 


0.2 


0.4 


RbO.2 


Zrtl.O 


50.0 


560 




10 


12.0 


0.4 


1.8 


7.5 


0.2 


0.4 


KO-2 


Ceo.2 


50.0 


580 




CD 


12.5 


0.8 


1.8 


7.5 


0.2 


0.6 


K0.4 


P0.2Na0.1 


50.0 


620 


(f) 




12.0 


0.6 


2-4 


7.5 






KO.2 




50.0 


570. 


2 


12.0 


0.6 


1-8 


7.5 


0.2 


0.4 






50.0 


590 
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(Actual Example of the Ammoxldation of Propylene ^ 50 cm^ of catalyst 1 
was put in a vycor glass fluldized bed reaction tube (inner diameter - 25 mm) 
containing 12 10-mesh metal nets placed at 1-cm intervals. At a reaction tem- 
perature of 435^*0 and a reaction pressure of 1 atmosphere, a gas mixture con- 
taining 9 volume% propylene (volume ratio of propylene: ammonia: oxygen: helium - 
1:1.2:1.85:7.06) was passed through at a volijune flow rate of 3.50 cm^ per 
second (converted to STP) . The reaction results were expressed in terms of 
propylene conversion, selectivity for acrylonitrile, and yield of acryloni- 
trile as determined by the following equations. The actual results obtained 
are given in Table 2. 

[0023] 

[Equation 2] 

Conversion of Propylene (C) - 100 x moles of propylene consumed/moles of 
propylene supplied. 

Selectivity for Acrvlonitrile (S) - 100 x moles of acrylonitrile formed/ 
/moles of propylene constamed. 

Xield of Acrvlonitrile (Y) - 100 x moles of acrylonitrile formed/moles of 
propylene supplied. 

The same reaction as the one described above was carried out using 
Invention Catalysts 2. 3, 4, 6, 7. 8, 9, and 10 and Comparison Catalysts 1 and 
2. These reactions were carried out using 9 vol.% of propylene in the start- 
ing gas mixture, a volume ratio of ammonia to propylene of 1:1.2, and a volume 
ratio of oxygen to propylene of 1.8—1.9. Depending on the propylene reacti- 
vity of each catalyst, the reaction temperature and contact time as determined 
by the following formula were adjusted accordingly. The reaction conditions 
for each catalyst and the reaction results are shown in Table 2. 
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[0024] 

[Equation 3] 

Contact Time (s) - V / [F x (273 + T)/273] 
where V — amount of catalyst, cm^ 

F - flow rate of starting gas mixture, cm* — STF/s 

T — reaction temperature, 'C 
[0025] 



[Table 2] 



TABLE 2. AMMOXIDATION OF PROPYLENE. Pressure - standard 
pressure; gas - C3Hg zNHg cO^ :He - 1.0 (9 . 0%) : 1 . 20: 1 . 8-1 . 9 : 
: remainder. KEY: (a) catalyst nximber; (b) temperature, ^C; 
(c) contact time, s; (d) conversion, %; (e) selectivity, %; 
(f) yield, %; (g) Actual Example ; and h) Comparison 





k% 


(b) 


(sec) 


Q2/C3H6 


% 


(e) 

(%) 




(g) 


1 


435 


5.5 


1.85 


98.5 


86.5 


85.2 


2 


435 


5.5 


1.85 


98.7. 


86.5 


85.4 


3 


430 


s.o 


1.85 


98.7 


87.1 


86.0 


4 


430 


5.0 


1.85 


98.8 


98.0 


86.8 


6 


435 


5.5 


1.85 


98.5 


87.6 


86.3 


7 


43S 


5.5 


1.85 


98.3 


87.6 


86.1 


■ 8 


430 


5.5 


1.85 


98.6 


87.7 


86.5 


9 


430 


5.5 


1.88 


98.2 


87.5 


85.9 


10 


425 


5.0 


1.88 


99.0 


86.9 


86.0 




1 


4S0 


5.0 


1.88 


98.5 


85.4 


84.1 


2 


420 


4.8 


1.90 


99.6 


82.9 1 82.6 



(Actual Example of the Ammoxidation of Isobutylene) 50 cm^ of Invention 
Catalyst 5 was put in the reaction tube used in the above-mentioned ammoxida- 
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tion of propylene. At a reaction temperature of 430-C and standard pressure, 
a gas mixture containing 7.5 vol. % isobutylene ( Isobutylene: ammonia: oxygen: 
:oxygen:water:helium - 1:1.2:1.95:1.8:7.38) was passed through the reaction 
tube at a flow rate of 3.88 cm» (converted to STP) per second. The reaction 
results were expressed in terms of isobutylene conversion, selectivity for 
methacrylonitrile, and yield of methacrylonitrile , as determined above for 
propylene. The actual results obtained are given in Table 3. 

[0026] The above-mentioned reaction was carried out using Invention 
Catalyst 11 and Comparison Catalyst 1. The reaction conditions for each cata- 
lyst and the reaction results are given in Table 3. 

[0027] 

[Table 3] 

TABLE 3. AMMOXIDATION OF ISOBUTYLENE. Pressure - standard 
pressure; gas - C^ H3 :NH3 :02 :He - 1.0 (7.5%) :1. 20:1. 9-2.0: 
1.8: the remainder. KEY: (a) catalyst number; (b) tempera- 
ture, "C; (c) contact time, s; (d) conversion, %; (e) selec- 
tivity, %; (f) yield, %; (g) Actual Example ; and (h) 

Con^arison Example 



(h: 





(a) 


(b) 
(TC) 


(sec) 


02/C4e8 


id) 
(%) 


(e) 

(%) 


4Z ^ 
(f) 
(%) 


(8) 

mm 


5 


430 


5.0 


1.95 


99.5 


79.6 


79.2 


1 1 


430 


5.0 


1.95 


99.7 


79.2 


79.0 




1 


430 


5.0 


1.95 


99.7 


77.0 


76.8 



[0028] 

[Effect of the Invention] According to the present invention, by using a 
catalyst prepared by blending oxides of specific metal components with a cata- 
lyst component that contains molybdenum, bismuth, and iron for the ammoxida- 
tion of propylene or isobutylene, the yield of acrylonitrile or methacryloni- 
trile can be improved considerably. 
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